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Explants of adult human skin were grown in vitro in a chemically defined medium without 
serum. Under these conditions the epidermis was well maintained for up to 7 days, during 
which time new stratum corneum formation was observed. Most often the stratum corneum 
was orthokeratotic and associated with a prominent granular layer. Parakeratotic regions 
were also evident and these were not associated with a granular layer. During the first 5 days 
in culture there was a significant increase in DNA synthesis (as measured radioautograph-
ically) and mitosis. 
The ability of some tissues to grow in vitro in a 
chemically defined medium without serum confers 
certain advantages in the design and interpretation 
of experiments. Serum, by its very nature, is vari-
able in composition and introduces unknown fac-
tors into the experimental system, Growth of hu-
man skin in organ culture using serum-containing 
medium has been reported several times by investi-
gators interested in developing an in vitro model for 
studying epidermal growth and differentiation 
[1-8]. Only a few attempts have been made to grow 
human skin in defined medium. W'hile essentially 
negative results have been obtained in most 
studies [1,:3,5,8], success has been described at 
least once [6]. We report here further investiga-
tions showing that human skin can be successfully 
maintained in organ culture in defined medium for 
up to 7 days, during which time there is substantial 
new epidermal basal cell DNA synthesis, mitosis at 
a level greater than that in vivo, maintenance of 
the granular layer, and formation of new stratum 
corneum. 
MATERIALS AND METHODS 
Pieces of normal human abdominal skin were obtained 
during surgical procedures. Split-thickness explants (2 /' 
2 mm on each side and I mm in depth) were floated freely 
in 35-mm-diameter plastic Petri dishes containing Ea-
gle's Minimal Essential Medium with 100 Vlml each of 
penicillin, streptomycin, and mycostatin (hereafter re-
ferred to as defined medium or D.M.J. Four to six 
explants were placed in each dish. They were grown at 
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37°C in an atmosphere of 5% CO, in air. Culture fluid was 
changed every 3 to 4 days. Samples were fixed in 10% 
buffered formalin at various intervals, embedded in 
paraffin, sectioned, and stained with hematoxylin and 
eosin. For electron microscopy, specimens were fixed in 
buffered 2.5'?l. glutaraldehyde (pH 7.0) for 2 hr, postfixed 
in a 1:2 mixture of osmium tetroxide in collidine, 
dehydrated through alcohol and propylene oxide, and 
embedded in Araldite. Ultrathin sections were stained 
with uranyl acetate and lead citrate. For some studies, 
'H-thymidine. 2 to 4 jlCi/ml (sp act 20 Ci!mM), was 
added before fixation and the specimens processed for 
autoradiography [9]. To study mitosis, Colcemid, 2 
jlg/m!. was added for 6 hr prior to fixation, 
RESULTS 
After 7 days in culture the overall architecture of 
the skin appeared well preserved (Fig. 1). In the 
dermis, collagen bundles appeared distinct, al-
though in some places they seemed somewhat 
homogenized. Intact blood vessels could be identi-
fied. The epidermis, at its cut edges (Fig. 1), 
showed little or no tendency to migrate around the 
dermis (a phenomenon termed "epiboly"). The 
basal layer was intact along its entire length and 
the cells were adherent to the basement mem-
hrane. Mitoses could be found (Fig. 2). Above the 
basal layer, the stratum spinosum could be identi-
fied. In most places it appeared to be as thick as in 
the control uncultured explants but in some places 
it was thinner. The pattern of cell differentiation 
above the stratum spinosum was variable along the 
length of each explant. The original stratum cor-
neum present at the time of explantation could be 
identified on the outer epidermal surface by its 
basket-weave appearance and slightly basophilic 
staining. Beneath this, there was a new stratum 
corneum. In most places the new stratum corneum 
was formed by a'combination of outwardly located 
parakeratotic cells and inner layers of orthokera-
totic cells (Figs. 1,2). The latter appeared more 
compact than cells of the original stratum corneum 
and they stained more eosinophilic. In these places 
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FIG. 1. Adult human skin after 7 davs in defined 
medium. Arrow, dermal blood vessel; ('" 50). 
FIG. 2. Higher-power view showing well-maintained 
epidermis. Single arrow identifies mitosis. double arrow 
stratum corneum. Single asterisk identifies new orthoker-
alotic stratum corneum, double asterisk old orlhokera-
totic stratum corneum with underlying parakeratotic 
cells. 
there was always a prominent granular layer below 
(Fig. 2), The keratohyaline nature of the granules 
was verified by electron microscopy (Fig. 3). The 
layers of parakeratotic cells were not always a 
feature and, in these instances, the new orthokera-
lotic stratum corneum was located directly be-
neath the old one. Elsewhere the new stratum 
corneum was entirely parakeratotic (Fig. 4) and a 
stratum granulosum usually was not present be-
low. These observations represent consistent find-
ings on more than 100 explants from 6 different 
pieces of skin. 
After 14 days in culture, the dermal architecture 
did not appear as well preserved as at 7 days. 
While the epidermal basal layer was intact, the 
stratum spinosum was tbinned to 2 or 3 layers and 
the number 01' layers of new stratum corneum was 
greatly increased (Fig. 5). Both orthokeratotic and 
parakeratotic areas were present. 
Cultures were pulse labeled with 'H-thymidine 
for 2 hr at time 0, and at 3, 4, and 5 days. The 
labeling index (L.I.) was determined by counting 
the number of labeled nuclei (Fig. 6) in a total of 
1000 or more basal cells. Four or five explants (5 
sections for each explant) were counted for each 
time period and the numbers averaged. At time 0, 
there were 45 ± 13 labeled nuclei per 1000 basal 
cells. On days 3, 4, and 5 the la beling indices were 
163 ± 38, 229 L 70.4, and 142 '" 49, respectively. In 
cultures labeled with 'R-thymidine and followed 
for several days, many labeled nuclei appeared in 
cells of the stratum spinosum and nuclei of the 
stratum corneum where it was parakeratotic. 
The mitotic index (Ivl.I.) was determined by 
counting all mitoses per 1000 basal cells following a 
6-hr incubation with Colcemid. At time 0. the M.l. 
FIG. 3. Electron micrograph showing keratohyaline 
granules in 7~day culture ( 24.000). 
FIG. 4. Seven-day culture showing that epidermis is 
well maintained but that granular layer is absent. Old 
stratum corneum is on upper surface ( 260), 
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FIG. 5. Fourteen-day culture (x HO). 
FIG. 6. Autoradiograph of'i-day culture following 2-hr 
pulse with 'H·thymidine. Many labeled nuclei are pres-
ent in the basal laver. Concentration of labeled nuclei at 
edge of explant is peculiar to this particular preparation. 
In others, labeled nuclei were concentrated toward the 
center of the explant (x llOI. 
was 0.25 per 1000 cells. At 5 days the M. I. was 
2-3. 
DISCUSSro" 
Organ culture is by no means a new approach in 
studying skin biology. In the past, however, most 
investigators have used serum in the culture fluid 
on the widely held assumption that in \·itro cells 
require serum for proliferation, if not for survival 
[1-8]. While this may be true for some tissues. it is 
becoming apparent that it is not true for others. 
For example, when explants of mouse vagina [9] 
and human mammary gland [10] are grown in 
D.M. without serum, the epithelial cells show new 
DNA synthesis and mitosis, The vaginal cells are 
even able to keratinize, The value of being able to 
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study a tissue under defined conditions is readily 
appareni. Serum contains many unknown factors, 
both growth-promoting and growth-inhibiting, 
thus presenting the researcher with a number of 
unknown variables that are not desirable, Some 
investigators have reported that human skin does 
not survive well in D,M, [1,3,5,8], Reaven and Cox 
[6] mention, but do not emphasize, that normal 
behavior can occur in D,M" and our experiments 
lead us to the same conclusion. There is little 
doubt that for at least 5 days in D.M. there is a 
significant increase in the proliferative capacity of 
epidermal basal cells as shown by the large in-
crease in L.L and MJ. over the baseline values, 
From a morphologic point of view, human skin 
in D.M. appeared to continue many of its normal 
functions, For at least the first 7 days, cells leaving 
the hasal layer continued to contribute to the 
stratum spinosum which generally remained at its 
original thickness. In many places the granular 
layer continued to be formed and gave rise to a new 
orthokeratotic stratum corneum, The presence of 
layers of parakeratotic celIs outside the new or-
thokeratotic layers suggests that there is a period 
of initial adjustment to culture conditions during 
which cell differentiation is imperfect, It has been 
reported that in organ culture containing serum, 
the stratum granulosum is not maintained unless 
the skin is stripped with cellophane tape prior to 
culture [2,6] or treated with certain pharmacologic 
agents [4,7], The many instances of spontaneous 
maintenance of the stratum granulosum in our 
system suggests that serum may contain an inhibi-
torts) of this normal function. This cannot be an 
entirely sufficient explanation, however, since re-
gions containing only parakeratotic stratum cor-
neum were also found in our system. The reason for 
regional variability in degrees of keratinization 
along each explant remains unknown. 
After 7 days in vitro. the system appears to 
undergo some degeneration as manifested by de-
creased thickness of the stratum spinosum as cells 
enter the stratum corneum but are not replaced at 
an equal rate from below. Similar findings have 
been reported in medium containing serum [2,6J, 
Because stimulation ofDK A synthesis and mito-
sis occurs under defined in vitro conditions, the 
present organ culture system may offer important 
ad"antages, not previously available, in studies of 
human skin, In particular it should be possible to 
better evaluate the effects of various physiologic 
and pharmacologic agents on epidermal prolifera-
tion and differentiation, The fact that mainte-
nance and function of the system is of relatively 
short duration (7-14 days) need not represent a 
disadvantage. Extensive studies using the mouse 
mammary gland in short-term (2-4 days) organ 
culture in D,M, have amply demonstrated that 
much valuable information can be obtained about 
controls operative in normal function of this sys-
tem [11], The same may be true for studies of 
human skin. 
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